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INTRODUCTION 

The U.S. Department of Energy h a s  under taken  a Chemical Gas Stream Cleanup Program t o  
s i m p l i f y  and improve methods f o r  c l e a n i n g  gas  g e n e r a t e d  from c o a l  e i t h e r  by g a s i f i c a -  
t i o n  o r  combustion. 
aimed a t  g a s  s t reams g e n e r a t e d  a t  p r e s s u r e s  g r e a t e r  t h a n  6 a tmospheres  and tempera- 
t u r e s  g r e a t e r  t h a n  l,OOO°F. These e l e v a t e d  p r e s s u r e s  and t e m p e r a t u r e s  would b e  
a s s o c i a t e d  w i t h  emerging t e c h n o l o g i e s  such  a s  i n t e g r a t e d  g a s i f i c a t i o n  combined-cycle 
molten c a r b o n a t e  f u e l  c e l l  power p l a n t s ,  d i r e c t - f i r e d  c o a l  t u r b i n e s ,  and p r e s s u r i z e d  
f l u i d i z e d - b e d  combustion. C o n t r o l  and removal of t h e  contaminants  i s  a t e c h n i c a l  
l i m i t a t i o n  and a major c o s t  a s s o c i a t e d  w i t h  t h e s e  advanced c o a l  u t i l i z a t i o n  sys tems.  

The o v e r a l l  program o b j e c t i v e  i s  t o  deve lop  t e c h n o l o g i e s  economica l ly  t o  remove hot  
gas  s t ream contaminants  s u c h  a s  s u l f u r  compounds, n i t r o g e n  compounds, a l k a l i s ,  
s e l e c t e d  t r a c e  m e t a l s ,  and r e s i d u a l  hydrocarbons which a r e  d e t r i m e n t a l  t o  advanced 
c o a l - f i r e d  systems ( 1 ) .  S e l e c t i o n  and cont inuance  o f  t h e  p r o j e c t s  i s  based  on t h e i r  
a b i l i t y  t o  meet performance and envi ronmenta l  requi rements  and t o  show promise  of 
s i g n i f i c a n t  c o s t  r e d u c t i o n  over  a v a i l a b l e  t e c h n o l o g i e s .  

The Department of Energy through t h e  MorgalltOWn Energy Technology Center  (METC) 
c a r r i e s  o u t  development programs f o r  many o f  t h e  o t h e r  f u e l  c o n v e r s i o n  and power- 
g e n e r a t i n g  components f o r  advanced energy  sys tems based on c o a l .  Bes ides  t h e  Gas 
Stream Cleanup Program, METC implements programs i n  G a s i f i c a t i o n ,  Heat E n g i n e s ,  Fue l  
Cells,  Fluidized-Bed Combustion, Components, and S o l i d  Waste Management. A h i g h  
degree  o f  c o o r d i n a t i o n  w i t h  t h e s e  programs i s  main ta ined  t o  i n s u r e  c o m p a t i b i l i t y  and 
p r o p e r  i n t e g r a t i o n  o f  development e f f o r t s .  F i g u r e  1 d e p i c t s  t h e  i n t e g r a t i o n  o f  
Chemical Gas Stream Program. 

The p r o j e c t s  which compr ise  t h i s  development program a r e  main ly  

DISCUSSION 

The p r o d u c t s  o f  c o a l  g a s i f i c a t i o n  O K  combustion c o n t a i n  contaminants  which were p a r t  
of t h e  c o a l  f e e d s t o c k .  These contaminants  i n c l u d e  s u l f u r  compounds, c h l o r i d e s ,  
n i t r o g e n  compounds (HCN, NHa, NO ) ,  a l k a l i s ,  p a r t i c u l a t e s ,  and t r a c e  e l e m e n t s .  
Removal o f  t h e  s u l f u r  and n i t r o &  compounds and t h e  p a r t i c u l a t e s  i s  n e c e s s a r y  t o  
meet n a t i o n a l  a i r  q u a l i t y  s t a n d a r d s  f o r  SO , NO , and suspended s o l i d s .  Removal o f  
t h e  o t h e r  contaminants  i s  r e q u i r e d  f o r  somg a p p y i c a t i o n s  t o  a v o i d  equipment damage o r  
s e r i o u s  d e g r a d a t i o n  i n  performance. 
t o l e r a n c e  f o r  a l k a l i  compounds and mol ten  c a r b o n a t e  f u e l  c e l l s  (MCFC) f o r  s u l f u r  com- 
pounds. The f u e l  c e l l  s u l f u r  l i m i t  i s  w e l l  below t h e  envi ronmenta l  requi rements  f o r  
s u l f u r  c o n t r o l .  The e f f e c t  of s u l f u r  on c e l l  o p e r a t i o n  h a s  been s t u d i e d  b o t h  theo-  
r e t i c a l l y  and e x p e r i m e n t a l l y .  The r e s u l t s  from t h e  I n s t i t u t e  o f  Gas Technology ( 2 1 ,  
Uni ted  Technologies  C o r p o r a t i o n  ( 3 ) ,  and General E l e c t r i c  ( 4 )  work i n d i c a t e  t h a t  
s u l f u r  p r e s e n t  i n  e i t h e r  t h e  anode O K  ca thode  f e e d  a f f e c t s  t h e  per formance  of t h e  
n i c k e l  anode. 

I n  p a r t i c u l a r ,  g a s  t u r b i n e s  have a v e r y  ].ow 



The cleanup r equ i r emen t s  f o r  f o u r  a p p l i c a t i o n s  ( p r e s s u r i z e d  f lu id i zed -bed  combustion/ 
t u r b i n e ,  i n t e g r a t e d  g a s i f i c a t i o n  combined-cycle,  mol ten  ca rbona te  f u e l  c e l l ,  and 
d i r e c t  c o a l - f i r e d  t u r b i n e )  and s i x  c a t e g o r i e s  of  contaminants  ( p a r t i c u l a t e s ,  s u l f u r ,  
a l k a l i ,  n i t r o g e n ,  t r a c e  m e t a l s ,  and  c h l o r i n e )  a r e  g iven  i n  Table  1. Two a p p l i c a t i o n s  
p e r t a i n  t o  c leanup o f  p r o d u c t s  of  combustion b e f o r e  e n t e r i n g  a t u r b i n e ,  one a p p l i c a -  
t i o n  i s  f o r  low-Btu g a s  f o r  t u r b i n e  u s e  and one i s  f o r  medium-Btu gas  f o r  f u e l  c e l l s .  
Allowable l e v e l  o f  p a r t i c u l a t e s  f o r  t h e  p r e s s u r i z e d  f lu id i zed -bed  combust ion/ turb ine  
and  i n t e g r a t e d  g a s i f i c a t i o n  combined-cycle a p p l i c a t i o n s  a r e  i n  t h e  range  of  
1.7  x t o  0.01 g r a i n  ( g r )  p e r  s t anda rd  cub ic  f e e t  ( s c f )  and 4 . 1  x t o  0 .24  
gr p e r  s c f ,  r e s p e c t i v e l y .  

The DOE Chemical Gas S t ream Cleanup program has c e n t e r e d  on matching of  c leanup sub-  
sys tem t empera tu re  and p r e s s u r e  t o  t h a t  r equ i r ed  by t h e  end use  p rocess  e lement  and  
t h e  upstream g a s i f i e r  o r  combustor .  T h i s  matching  should  p rov ide  a t t r a c t i v e  systems 
by  e l i m i n a t i n g  h e a t  r ecove ry  equipment and compressors  o r  expanders .  F i g u r e  2 shows 
a t empera tu re -p res su re  p l o t  w i th  v a r i o u s  subsys tems i n  t h e i r  o p e r a t i n g  envelopes .  
With g a s i f i e r  t u r b i n e  power sys t ems ,  a n  i d e a l  match i s  ach ieved  w i t h  f ixed-bed  g a s i -  
f i e r s  and a z i n c  f e r r i t e  d e s u l f u r i z a t i o n  subsys tem.  Th i s  combina t ion  o f  g a s i f i e r  
and  ho t  c leanup h a s  been  r e f e r r e d  t o  a s  a " g a s i f i c a t i o n  i s l a n d "  concept  by METC and 
h a s  been r e c e i v i n g  h igh  p r i o r i t y  i n  development.  Molten ca rbona te  f u e l  cel ls  o p e r a t e  
a t  about t h e  same t empera tu res  b u t  a t  lower  p r e s s u r e s  than  gas  t u r b i n e s ;  b o t h  the  
z i n c  f e r r i t e  subsys tem and some novel  s o r b e n t  subsystems would be an  i d e a l  tempera- 
t u r e  match. A r e l a t i v e l y  unknown a rea  i s  t h a t  r e q u i r e d  f o r  d i r e c t - f i r e d  t u r b i n e s  
where tempera tures  can range  from 2,OOOO t o  2,800"F o r  h i g h e r .  Although a 
t empera tu re -p res su re  match i s  a t t r a c t i v e ,  sys tems a n a l y s i s  i s  necessa ry  t o  examine 
a l l  f a c t o r s  t h a t  e f f e c t  per formance  and c o s t .  

The Chemical Gas S t ream Cleanup Program, a s  shown i n  F i g u r e  3 ,  i s  d iv ided  i n t o  s i x  
contaminant  removal a r e a s ,  i . e . ,  s u l f u r ,  a l k a l i ,  t a r s ,  t r a c e  s p e c i e s ,  c h l o r i d e ,  and  
n i t r o g e n .  Each removal a r e a  i s  b r i e f l y  d i scussed  below. P a r t i c u l a t e  removal is  a 
s e p a r a t e  p r o j e c t  a r e a  pu r sued  by METC 'and i s  n o t  d i s c u s s e d  i n  t h i s  p r e s e n t a t i o n .  

S u l f u r  Removal 

The need t o  comply w i t h  envi ronmenta l  s t a n d a r d s  makes s u l f u r  removal impor t an t  f o r  
a l l  coa l  gas  a p p l i c a t i o n s .  However, MCFC a p p l i c a t i o n s  r e q u i r e  s u l f u r  l e v e l s  below 
t h e  1 p a r t  p e r  m i l l i o n  (ppm) range  ( 5 ) ,  whi le  o t h e r  a p p l i c a t i o n s  a l l o w  100 ppm o r  
more.  N e v e r t h e l e s s ,  s u l f u r  removal t o  below 10 ppm could  b e  b e n e f i c i a l  f o r  t u r b i n e  
a p p l i c a t i o n s ,  because  s u l f u r  and a l k a l i s  i n t e r a c t  t o  cause  c o r r o s i o n  and /o r  depos i -  
t i o n  on t u r b i n e  b l a d e s ,  and r educ ing  s u l f u r  may a l low less s t r i n g e n t  a l k a l i  removal 
r equ i r emen t s .  P r o j e c t s  under  s u l f u r  removal a r e  shown i n  F i g u r e  4 .  

F i g u r e  5 shows s u l f u r  removal t e c h n o l o g i e s  f o r  v a r i o u s  t empera tu res  o f  f u e l  gas .  
Many co ld  sc rubb ing  t e c h n o l o g i e s  a r e  a v a i l a b l e  f o r  removing f u e l  gases  up t o  tem- 
p e r a t u r e s  of about  350" t o  400°F. These t echn iques  can ach ieve  v e r y  h igh  s u l f u r  
removals i f  des igned  i n  s t a g e s  w i t h  e x t e n s i v e  r e c y c l e .  For  f u e l  g a s  tempera tures  
from about  850° t o  1 ,200°F,  two sys tems have shown promise :  an  i r o n  ox ide  so rben t  
and  a z i n c  f e r r i t e  s o r b e n t .  I r o n  ox ide  was t e s t e d  a t  METC i n  t h e  1 9 7 0 ' s  on f u e l  gas  
from a f ixed-bed  g a s i f i e r .  These t e s t s  showed f e a s i b i l i t y  of t h e  s o r b e n t  f o r  achiev-  
i n g  up t o  9 0  p e r c e n t  s u l f u r  removal.  IHI subsequen t ly  has  been t e s t i n g  t h i s  p rocess  
on  a p i l o t  s c a l e .  

Recent  development work a t  METC h a s  shown z i n c  f e r r i t e  t o  be  a l i k e l y  cand ida te  f o r  
h o t  gas  d e s u l f u r i z a t i o n ,  because  it can  remove a l l  s u l f u r  s p e c i e s  i n  t h e  gas  t o  below 
5 Ppm excep t  f o r  t h a t  found i n  t h e  t a r .  
q u e s t i o n s  t h a t  remain i n  z i n c  f e r r i t e  s o r b e n t  development.  I n  a d d i t i o n ,  t h e  z i n c  
fe r r i te  abso rbe r  w i l l  b e  s c a l e d  up and t e s t e d  a t  t h e  p rocess  development u n i t  (PDU) 
f lu id i zed -bed  g a s i f i e r  a t  t h e  KRW Energy Sys tems,  I n c . ,  Waltz M i l l  s i t e  e a r l y  i n  
1986. 
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Another  c a t e g o r y  of s o r b e n t s  r e f e r r e d  t o  a s  mixed m e t a l  o x i d e  and n o v e l  s o r b e n t s  has 
been under i n v e s t i g a t i o n .  
a t  h i g h e r  t e m p e r a t u r e s  and p o t e n t i a l l y  producing  e l e m e n t a l  s u l f u r  on r e g e n e r a t i o n .  
The I n s t i t u t e  o f  Gas Technology (IGT) mixed m e t a l  o x i d e  p r o c e s s  and B a t t e l l e  P a c i f i c  
Northwest L a b o r a t o r i e s  s o l i d  s u p p o r t e d  molten s a l t  p r o c e s s  a r e  c u r r e n t l y  a t  t h e  bench- 
s c a l e  development s t a g e .  I n  a d d i t i o n ,  J e t  P r o p u l s i o n  L a b o r a t o r i e s  (JPL) i s  complet ing 
l a b o r a t o r y - s c a l e  tes ts  on e n t i r e l y  new t y p e s  of  s y n t h e s i z e d  s o r b e n t s ;  t h e  most promis- 
ing  s o r b e n t s  w i l l  be  t e s t e d  a t  t h e  bench s c a l e  l a t e  i n  1986. 

A t  t empera tures  from 1,500° t o  about  2,000°F, calcium-based s o r b e n t s  have been t e s t e d  
and achieved over  95 p e r c e n t  s u l f u r  removal .  These p r o c e s s e s  a r e  n o t  c u r r e n t l y  be ing  
developed by DOE. E a r l i e r  work by  CONOCO and o t h e r s  have shown t h e  f e a s i b i l i t y  of 
t h e s e  systems. METC i s  e x p l o r i n g  t h e  p o t e n t i a l  of combining s u l f u r  removal w i t h  
g a s i f i c a t i o n  p r o c e s s e s ,  however, i n  tes ts  i n  a f l u i d - b e d  g a s i f i e r  under  t h e  METC g a s i f i -  
c a t i o n  program. 

The f i n a l  d e t e r m i n a t i o n  of which o f  t h e s e  p r o c e s s e s  w i l l  f i n d  u s e  i n  s u l f u r  removal 
sys tems w i l l  depend on economics. Two p i e c e s  o f  t h e s e  economic s t u d i e s  a r e  be ing  
c a r r i e d  o u t  by G i l b e r t / C o m o n w e a l t h ,  I n c o r p o r a t e d ,  i n  s t u d i e s  o f  r e a c t o r  c o s t s ,  and 
Ralph M .  Parsons  Company i n  e v a l u a t i o n s  o f  t a i l  gas t r e a t i n g  sys tems.  

These s o r b e n t s  have promise of a c h i e v i n g  d e s u l f u r i z a t i o n  

Zinc F e r r i t e  S t u d i e s  

A s u l f u r  s o r b e n t  u t i l i z i n g  z i n c  f e r r i t e  h a s  been under  development a t  METC f o r  t h e  
p a s t  5 y e a r s .  I n i t i a l  t e s t s  were w i t h  gas m i x t u r e s  t h a t  approximated g a s i f i e r  f u e l  
g a s e s .  
and demonst ra ted  t h a t  i n  t h e  o p e r a t i n g  regime l,OOOo t o  1,200°F, 120 t o  240 p s i g ,  
and 1,000 t o  2 ,000  h-' space  v e l o c i t y ,  a z i n c  f e r r i t e  s o r b e n t  can  f u n c t i o n  i n  a h o t  
gas s t ream from a f ixed-bed  c o a l  g a s i f i e r ,  removing low molecular  weight  s u l f u r  com- 
pounds t o  a l e v e l  o f  about  10 ppm. High m o l e c u l a r  weight  s u l f u r  compounds, which a r e  
i n  t a r s ,  however, a r e  n o t  removed. 
weight  i n  s u l f u r  b e f o r e  breakthrough.  
t u r e s  a t  1,400° t o  1 ,500°F,  t o  n e a r  i t s  o r i g i n a l  c o n d i t i o n  w i t h  a r e s i d u a l  s u l f u r  
c o n t e n t  ( a s  s u l f a t e )  o f  l e s s  t h a n  1 weight  p e r c e n t .  Absorp t ion  performance a f t e r  
t h r e e  r e g e n e r a t i o n s  i s  c l o s e  t o  t h a t  o f  f r e s h  s o r b e n t  (6 ) .  F i g u r e  6 i s  a p l o t  of t h e  
e x i t  hydrogen s u l f i d e  (H2S) l e v e l  a g a i n e d  o v e r  t h r e e  c y c l e s  of a b s o r p t i o n  and 
r e g e n e r a t i o n .  I t  can  b e  s e e n  t h a t  t h e  HzS l e v e l  i s  about  1 t o  5 ppm b e f o r e  break-  
through and t h e r e  i s  no s i g n i f i c a n t  drop  i n  t h e  s o r b e n t  s u l f u r  l o a d i n g  f o l l o w i n g  
r e g e n e r a t i o n .  

Bench-scale  e v a l u a t i o n  i n  a c t u a l  c o a l  g a s  s t reams were t h e n  c a r r i e d  o u t  

The s o r b e n t  p i c k s  up about  30 p e r c e n t  of i t s  
I t  can  be  r e g e n e r a t e d  by a i r  and s team mix- 

I 

P o t e n t i a l  improvements which may b e  made t o  t h e  z i n c  f e r r i t e  system i n c l u d e  ( a )  under- 
s t a n d i n g  meta l  phase  changes o c c u r r i n g  a t  c e r t a i n  o p e r a t i n g  c o n d i t i o n s  which could 
degrade  s o r b e n t  i n t e g r i t y  and per formance;  ( b )  minimize s u l f a t e  f o r m a t i o n ,  which can 
occur  i n  g a s e s  w i t h  s i g n i f i c a n t  SOz; and ( c )  reduce c a t a l y s t  d e g r a d a t i o n  which occurs  
wi th  repea ted  c y c l i n g  l e a d i n g  t o  reduced s t r u c t u r a l  s t r e n g t h  and l o s s  o f  i n t e g r i t y  
and performance.  '1 S e v e r a l  c o n t r a c t e d  e f f o r t s  a r e  aimed a t  t h e s e  improvements. 

Louis iana  S t a t e  U n i v e r s i t y  i s  s t u d y i n g  s t r u c t u r a l  changes i n  h o t  meta l  ox ide  s o r b e n t s  
i n c l u d i n g  z i n c  f e r r i t e  th rough a d s o r p t i o n  and r e g e n e r a t i o n  c y c l e s .  R e s u l t s  t o  d a t e  
i n d i c a t e  t h a t  t h e  r e l a t i v e l y  s imple  model is adequate  t o  d e s c r i b e  t h e  t ime-conversion 
d a t a .  
t r o l l i n g  r e s i s t a n c e .  E a r l y  i n  t h e  r e a c t i o n ,  b e f o r e  t h e  product  l a y e r  i s  f u l l y  deve l -  
oped, mass t r a n s f e r  is b e l i e v e d  t o  be i m p o r t a n t .  

SRI I n t e r n a t i o n a l  i s  per forming  t h e o r e t i c a l  and e m p i r i c a l  s t u d i e s  of  phase  boundaries  
o f  z i n c  f e r r i t e  d u r i n g  a d s o r p t i o n  and r e g e n e r a t i o n .  The Fe304/Fe,  Fe3Ol /wus t i te ,  car -  
bon d e p o s i t i o n ,  and c a r b i d e  format ion  phase  boundary composi t ions  have been ca lcu-  
l a t e d  f o r  t o t a l  p r e s s u r e s  o f  1, 5 ,  10 ,  15, and 20 arm a t  t e m p e r a t u r e s  o f  930°, 1,020°,  
l , l O O o ,  1,200°,  and 1,300'F. 
mat ion  and how it can b e  avoided .  Fixed-bed r e a c t o r  exper iments  were conducted a t  

i During most of t h e  r e a c t i o n ,  p r o d w t  l a y e r  d i f f u s i c r :  appears  t o  be  t h e  con- i 
Another  SRI I n t e r n a t i o n a l  s t u d y  d e a l s  w i t h  s u l f a t e  f o r -  
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SRI t o  de te rmine  t h e  amount of  s u l f a t e  formed a s  a f u n c t i o n  of  s e v e r a l  p r o c e s s  v a r i a -  
b l e s .  Higher  so rben t  t empera tu re  and lower oxygen p a r t i a l  p r e s s u r e  i n  t h e  f eed  gas  
l ead  t o  a dec rease  i n  t h e  amount of  s u l f a t e  remain ing  i n  t h e  r egene ra t ed  s o r b e n t  i s  
a f u n c t i o n  of d u r a t i o n  of r egene ra t ion ;  l onge r  d u r a t i o n  d e c r e a s e s  t h e  amount of  
r e s i d u a l  s u l f a t e .  An i n c r e a s e  i n  space  v e l o c i t y  was found t o  d e c r e a s e  t h e  s u l f a t e  
fo rma t ion .  In t h e  range  of p a r t i c l e  s i z e  from 0.5 t o  5 nun, t h e  s u l f a t e  fo rma t ion  was 
n o t  a f f e c t e d  by t h e  p a r t i c l e  s i z e .  The p resence  of  SO2 i n  t h e  f eed  gas  s i g n i f i c a n t l y  
promotes t h e  s u l f a t e  fo rma t ion .  

m, Inco rpora t ed ,  i s  s tudy ing  how t o  maximize z i n c  f e r r i t e  p h y s i c a l  s t r e n g t h  
and d u r a b i l i t y  du r ing  t h e  s o r b e n t  f a b r i c a t i o n  p r o c e s s .  
l a t e d  wi th  b e n t o n i t e  a s  a b inde r  has shown improved p h y s i c a l  and chemica l  per formance  
Over the  United C a t a l y s t ,  Inco rpora t ed  (UCI), z i n c  f e r r i t e  composi t ion  used  i n  tes t -  
i n g  a t  METC. The AMAX so rben t  had shown double  t h e  p h y s i c a l  c rush  s t r e n g t h  and tw ice  
t h e  s u l f u r  bea r ing  c a p a c i t y  of  t h e  UCI s o r b e n t .  During t h e  d e s u l f u r i z a t i o n  t e s t i n g ,  
t h e  AMAX so rben t  showed t h e  c a p a c i t y  f o r  r e t a i n i n g  i t s  i n i t i a l  s u r f a c e  a r e a  whereas 
t h e  U C I  so rben t  showed some l o s s  of s u r f a c e  a r e a  through s i n t e r i n g .  The AMAX s o r b e n t  
a l s o  had less f i n e s  a t t r i t i o n i n g  du r ing  t h e  d e s u l f u r i z a t i o n  t e s t i n g .  

A so rben t  which was formu- 

Novel Fuel  Gas Sorben t s  

Novel s o r b e n t s  can o f f e r  h ighe r  tempera ture  a p p l i c a t i o n s  and s i m p l e r  t a i l  gas  t r e a t -  
ment. The B a t t e l l e  s o l i d  suppor t ed  mol ten  s a l t  (SSMS) sys tem,  under  development 
s i n c e  1974, i s  a t  t h e  bench-sca le  development s t a g e  and f e a t u r e s  b o t h  s u l f u r  com- 
pounds and H C 1  removal from 6,000 ppm and 200 ppm t o  less than  1 ppm l e v e l ,  r e spec -  
t i v e l y .  The SSMS s o r b e n t  c o n s i s t e d  of  porous  l i t h i u m  a lumina te  ceramic  p e l l e t s  
loaded wi th  low-calcium s a l t  (Lil.lKo.7Ca0.1C03). The s o r b e n t  can  b e  r e g e n e r a t e d  
wi th  carbon d ioxide-s team mix tu re  t o  produce a hydrogen s u l f i d e - r i c h  gas  from which 
e l emen ta l  s u l f u r  could  be e f f i c i e n t l y  r ecove red .  The IGT mixed me ta l  ox ide  sys tem,  
under development s i n c e  t h e  l a t e  1970's, employs two s o r b e n t s .  One s o r b e n t ,  c o b a l t  
t i t a n a t e ,  removes 70 p e r c e n t  of t h e  s u l f u r  and can be  r egene ra t ed  w i t h  N*/O2/S02 mix- 
t u r e s  t o  produce e l emen ta l  s u l f u r .  The o t h e r  ox ide  i s  one o f  many s u i t a b l e  f o r  
removing s u l f u r  compounds t o  low l e v e l s  which can be r egene ra t ed  w i t h  a i r  and s team 
o r  n i t r o g e n  t o  produce SO,. Major examples a r e  z i n c  ox ide ,  i r o n  o x i d e ,  and copper  
ox ide .  

The c u r r e n t  r e sea rch  program conducted a t  JPL aims a t  s y n t h e s i z i n g  h igh - t empera tu re  
s u l f u r  removal s o r b e n t s  t h a t  combine s e v e r a l  d e s i r a b l e  phys icochemica l  p r o p e r t i e s .  
C e r t a i n  mixed ox ide  s o r b e n t s  have been developed  w i t h  r a p i d  k i n e t i c s  of a b s o r p t i o n  
and good so rben t  r e g e n e r a h i l i t y  a t  930° t o  1,300°F. The r ap id  a b s o r p t i o n  r a t e s  a r e  
r e a l i z e d  by e l i m i n a t i n g  or  minimiz ing  t h e  r e s i s t a n c e  a s s o c i a t e d  w i t h  s o l i d  s t a t e  d i f -  
f u s i o n .  In one c l a s s  o f  s o r b e n t s ,  s t a b l e  h igh  s u r f a c e  a r e a  can  be  ob ta ined  by e u t e c -  
t i c  mix tu res  of  me ta l  ox ide  s o r b e n t s  ( e . g . ,  ZnO-VnOs, CUno04  MOO^), which form a melt 
t h a t  c o a t s  t h e  pore  s u r f a c e  of  a h igh  s u r f a c e  a r e a  s u p p o r t .  
b e n t s  cons idered  i n  t h i s  work c o n s i s t s  o f  unsuppor ted  mixed ox ides  forming h i g h l y  
d i s p e r s e d  s o l i d  s o l u t i o n s  o r  s o l i d  compounds ( e . g . ,  ZnFepOl, CuFe204, C u F e A l O  , 
CuMo A 1  0 ) ,  c h a r a c t e r i z e d  by t h e i r  s m a l l  c r y s t a l l i n e  s i z e ,  h igh  p o r o s i t y  andxre l a -  
t i v e f y  Kifh s u r f a c e  a r e a .  A l l  so rben t s  e x h i b i t  h igh  s u l f u r  removal e f f i c i e n c y ,  
s t a b l e  conve r s ion ,  minimal po re  p lugg ing ,  and good r e g e n e r a b i l i t y .  

The o t h e r  C las s  o f  S O r -  

D i r ec t -F i r ed  Turbine  Sorben t s  

P h y s i c a l  Sc iences ,  Inc .  (PSI) i s  under tak ing  a combined t h e o r e t i c a l  and bench- sca l e  
expe r imen ta l  program t o  s tudy  t h e  f e a s i b i l i t y  of u s i n g  micronized  c o a l  and coa l -wa te r  
mix tu res  (CWM) a s  f u e l s  i n  h e a t  eng ines .  T h i s  p r o j e c t  a d d r e s s e s  two major  i n t e r r e -  
l a t e d  consequences a r i s i n g  from t h e  i n t r o d u c t i o n  of t h e s e  f u e l s  i n t o  g a s  t u r b i n e  
combustors .  The f i r s t  i s  t h e  r e l e a s e  of coal-bound mine ra l  m a t t e r  i n t o  t h e  combus- 
t i o n  p roduc t  s t r eam.  A second consequence of f i r i n g  c o a l  is t h e  emis s ions  of s u l f u r  
ox ides  which have been i d e n t i f i e d  a s  p r e c u r s o r s  t o  a c i d  r a i n .  PSI w i l l  q u a n t i f y  s u l -  
f u r  and a l k a l i  removal r a t e s  by s o l i d  s o r b e n t s  and w i l l  de te rmine  t h e  e f f e c t s  of  t h e  
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s o r b e n t s  on d e p o s i t i o n .  Westinghouse Research  and Development Center  w i l l  develop 
informat ion  on the f e a s i b i l i t y  of us ing  l i m e s t o n e  and dolomi te  s o r b e n t s  f o r  s u l f u r  
c a p t u r e  i n  pos t -combust ion  g a s  s t reams under  tempera ture  and p r e s s u r e  c o n d i t i o n s  
t y p i c a l  of d i r e c t  c o a l - f i r e d  t u r b i n e  o p e r a t i o n .  Both of t h e s e  p r o j e c t s  a r e  i n  e a r l y  
s t a g e s  with f i n d i n g s  n o t  a t  a s t a g e  t o  r e p o r t .  

Economic System S t u d i e s  

While v a r i o u s  t y p e s  o f  s u l f u r  removal sys tems a r e  i n  v a r i o u s  s t a g e s  of development ,  
Ralph M. Parsons Company and Gilbert/Commonwealth, I n c o r p o r a t e d ,  a r e  conduct ing  
s t u d i e s  f o r  c o s t  o p t i m i z a t i o n  of t h e  s u l f u r  removal technology i n  a p l a n t  complex t o  
produce 100 megawatts o f  e l e c t r i c a l  power. The G i l b e r t  s t u d y  f o c u s e s  on v a r i o u s  c o a l  
g a s i f i e r  and f i x e d - / f l u i d i z e d - b e d  s u l f u r  a b s o r b e r  and s o r b e n t  r e g e n e r a t i o n  systems 
u s i n g  t h e  Morgantown Energy Technology C e n t e r ' s  z i n c  f e r r i t e  p r o c e s s ,  t h e  I n s t i t u t e  
o f  Gas Technology 's  m e t a l  ox ide  p r o c e s s ,  and t h e  B a t t e l l e  P a c i f i c  Northwest Labora- 
t o r y ' s  s o l i d - s u p p o r t e d  m o l t e n  s a l t  p r o c e s s .  This  s t u d y  i n c l u d e s  11 c a s e s  f o r  g a s i -  
f i e r ,  ho t  gas c leanup,  a n d  r e g e n e r a t i o n  system c o n f i g u r a t i o n s  a s  summarized i n  Table  2 .  
The Parsons s t u d y  d e a l s  e x c l u s i v e l y  w i t h  s t a t e - o f - t h e - a r t  s u l f u r  recovery  from regen- 
e r a t i o n  g a s e s .  T h i s  s t u d y  i n c l u d e s  11 p r o c e s s  c o n f i g u r a t i o n s  a s  summarized i n  Table  3. 
Both of t h e s e  s t u d i e s  a r e  i n  t h e  e a r l y  s t a g e s  and conclus ions  have n o t  been reached 
concern ing  them. 

A l k a l i  Removal 

Presence  of a l k a l i  meta l  i s  a major concern i n  gas  t u r b i n e s ,  which o p e r a t e  a t  tem- 
p e r a t u r e s  of 1,800°F and h i g h e r .  Allowable l e v e l s  of a l k a l i  m e t a l s  i n  expans ion  
g a s e s  f o r  t u r b i n e s  t o  p r e v e n t  c o r r o s i o n  o r  d e p o s i t i o n  on b l a d e s ,  s t a t o r s ,  and r o t o r s  
can  be  r e a d i l y  d e r i v e d  from s t a n d a r d s  f o r  a l k a l i  c o n t e n t  f o r  l i q u i d  t u r b i n e  f u e l  (.5 
t o  5 ppm). These s t a n d a r d s  cor respond t o  a .05 t o  .5 ppm al lowance f o r  a l k a l i  meta ls  
i n  low-Btu g a s .  Encouraging r e s u l t s  were achieved  i n  measurements o f  a l k a l i  l e v e l s  
d u r i n g  a t e s t  a t  t h e  Genera l  E l e c t r i c  Company g a s i f i e r  i n  November 1984. The g a s i -  
f i e r  i s  a s t i r r e d - b e d  o p e r a t e d  i n  an a i r -b lown mode. Cleanup c o n s i s t e d  of a s i n g l e  
c y c l o n e .  A l k a l i  l e v e l s  were measured,  less t h a n  1 ppm, and approximated t h a t  ca lcu-  
l a t e d  from a l k a l i  c o n t e n t  i n  t h e  feed  c o a l  a s h .  

A l k a l i  metal  t o l e r a n c e s  f o r  MCFC a p p l i c a t i o n s  have n o t  been e s t a b l i s h e d .  A 
s t u d y  ongoing by Energy Research  Corpora t ion  (ERC) t o  de te rmine  t h e  e f f e c t  o f  t r a c e  
m e t a l s  on f u e l  c e l l s  w i l l  e s t a b l i s h  a l k a l i  t o l e r a n c e s  if i n  f a c t  t h e y  a r e  needed. 
F i g u r e s  7 and 8 show t h e  work be ing  conducted i n  t h e  a r e a s  of fundamental  s t u d i e s ,  
a l k a l i  measurement, and a l k a l i  c o n t r o l .  

Fundamental s t u d i e s  o f  r e l e a s e  mechanisms, c a p t u r e  mechanisms, and f a t e  of a l k a l i  
m e t a l s  a r e  b e i n g  conducted  by  METC, Midwest Research  I n s t i t u t e ,  and t h e  U n i v e r s i t y  of 
Ar izona .  
phase  condensa t ion  o f  a l k a l i  m e t a l s  i n  p r e s s u r i z e d  f l u i d i z e d - b e d  combustion p r o c e s s e s .  

Three  methods of a l k a l i  m e t a l  c o n t r o l  a r e  each  b e i n g  explored  by  West inghouse,  
Argonne N a t i o n a l  L a b o r a t o r y ,  and t h e  U n i v e r s i t y  o f  P i t t s b u r g h .  
aimed a t  PFBC a p p l i c a t i o n s ,  t h e  Westinghouse s t u d y  i s  d i r e c t e d  a t  p r e s s u r i z e d  c o a l  
g a s i f i c a t i o n  a p p l i c a t i o n s ,  w h i l e  t h e  U n i v e r s i t y  o f  P i t t s b u r g h  s t u d y  i s  concerned wi th  
p r o d u c t s  of e n t r a i n e d  g a s i f i c a t i o n  u s i n g  s o l i d  c o l l e c t o r s  t o  t r a p  contaminant  s p e c i e s .  

Aerodyne C o r p o r a t i o n  is updat ing  and  modifying a computer model f o r  i n t e r -  

The Argonne s t u d y  i s  

Fundamental S t u d i e s  

A U n i v e r s i t y  o f  Arizona s t u d y  i s  i n v e s t i g a t i n g  t h e  format ion  o f  a l k a l i  m e t a l  vapor  i n  
e n t r a i n e d  f low g a s i f i c a t i o n  and  combustion a t  v a r i o u s  t e m p e r a t u r e s ,  and t h e  p o t e n t i a l  
f o r  c a p t u r e  o f  t h e s e  v a p o r s  w i t h  powdered k a o l i t e  or l i m e s t o n e .  
I n s t i t u t e  is s t u d y i n g  fundamenta l  combustion chemis t ry  i n  PFBC a p p l i c a t i o n s  w i t h  t h e  
g o a l  Of v e r i f y i n g  p r e d i c t a b i l i t y  of a l k a l i  m e t a l  c o n c e n t r a t i o n s  i n  o f f  g a s e s  by  
e x i s t i n g  computer models. One such model, t h e  PACKAGE code, i s  b e i n g  m o d i f i e d ,  
upgraded,  and more f u l l y  documented by t h e  Aerodyne Corpora t ion .  
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TABLE 2. Summary of Hot Gas Cleanup Cases Studied 
by Gilbert/Commonwealth, Incorporated 

Cases 
Sorbent Process 

METCa Battelleb IGTC 

1 6 9 
2 7 10 
3 8 11 
4 
5 

Hot Gas 
C 1 e a nup 

Gasifier Reactor 

Air -- Fixed-Bed Dry Ash Fixed 
0 2  -- Texaco Quench Fixed 
0 2  -- Westinghouse Fluid Bed Fixed 
02 - -  Westinghouse Fluid Bed Fluid 
02 -- Fixed-Bed Dry Ash Fixed 

Sul f ided 
Sorbent 

Regenerator 

Fixed 
Fixed 
Fixed 
Fluid 
Fixed 

a Zinc ferrite. 

Solid-supported molten salt. 

Mixed metal oxides 

TABLE 3 .  Summary of Configurations of 1 1  "Short-List'' Process 
Candidates Assessed by The Ralph M. Parsons Company 

Candidate 

Grouping Case Concentration Sulfur Reduction/ 
Process SO2 Recovery/ 

No. No. Process Production Process Tail Gas Process 

1A Wellman-Lord Resox BSR/Claus 
1B Wellman-Lord Resox Recylce to W-L 
1c We1 h a  n-Lord Resox BSR/MDEA 
1D We 1 lman-Lord Resox BSRjSt re t f ord 

1 

2A Wellman-Lord Allied Chemical None 

2 2B Wellman-Lord Allied Chemical Recycle to W-L 

2c Wellman-Lord Allied Chemical None 

(2 Claus Stages) 

(2 Claus Stages) 

(3  Claus Stages) 

Wellman-Lord Beavon Sulfur Stretford 
Removal (BSR) 

3 3 

4A Wellman-Lord Modified Claus BSR/Selectox 

4c Wellman-Lord Modified Claus Recycle to W-L 
4 48 Wellman-Lord Modified Claus BSR/Stretford 

BSR -- Beavon Sulfur Removal. 

W-L -- Wellman-Lord 

MDEA -- Methyl-di-ethanol-amine. 
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A l k a l i  Measurement 

I n  a d d i t i o n  t o  fundamental  s t u d i e s  and development of c o n t r o l  technology,  Ames 
N a t i o n a l  Labora tory  has  deve loped  a n  o n - l i n e  a l k a l i  measuring d e v i c e ,  which was 
f u r t h e r  developed by  HXTC t o  be  capable  o f  measuring a l k a l i  c o n t e n t  t o  10  ppb. The 
meter  has been s u c c e s s f u l l y  t e s t e d  a t  t h e  p r o c e s s  development u n i t  (PDU) s c a l e  a t  
METC and a t  GE Research C e n t e r ,  Schenectady s i t e .  The meter  w i l l  be  used t o  measure 
t h e  a l k a l i  l e v e l s  a t  t h e  PDU s c a l e  a t  K R W  Energy Systems,  I n c . ,  Waltz  M i l l  s i t e .  

A l k a l i  Control  

Westinghouse, I n c o r p o r a t e d ,  h a s  conducted r e s e a r c h  i n t o  t h e  a l k a l i - g e t t e r i n g  concept  
s i n c e  October  1978. The r e s u l t s  of t h e i r  work and t h a t  o f  o t h e r s  l i k e  Argonne 
N a t i o n a l  L a b o r a t o r i e s  (ANL) l e d  t o  t h e  c o n c l u s i o n  t h a t  a f i x e d  bed o f  c y l i n d r i c a l  
p e l l e t s ,  1 /8  inch  i n  d i a m e t e r  by 114 i n c h  l o n g ,  o f  e m a t h l i t e ,  a f u l l e r ' s  e a r t h ,  i s  
t h e  b e s t  method o f  h o t  g a s  removal of a l k a l i  m e t a l s  from p r o d u c t s  o f  c o a l  g a s i f i c a -  
t i o n .  Curren t  development  i s  a t  bench s c a l e .  

A r e c e n t  100-hour tes t  conducted  by Westinghouse u s i n g  a sha l low packed bed showed a 
range  of 2.0 t o  4 .2  weight  p e r c e n t  c a p t u r e  o f  sodium by t h e  e m a t h l i t e .  The feed  gas 
sodium c o n c e n t r a t i o n  was reduced from 10 ppm t o  approximate ly  2 ppm. I n  l a b o r a t o r y  
tes ts  a t  Argonne, a c t i v a t e d  b a u x i t e  shows a s i m i l a r  a b i l i t y  f o r  sodium c a p t u r e ,  b u t  
h a s  t h e  a d d i t i o n a l  advantage  of b e i n g  r e g e n e r a b l e  v i a  w a t e r  l e a c h i n g .  

ANL h a s  p ioneered  t h e  development  of g r a n u l a r  s o r b e n t s  s u i t a b l e  f o r  use  i n  a g r a n u l a r  
bed f o r  t h e  removal o f  a l k a l i  vapor  from h o t  PFBC f l u e  g a s .  A f t e r  e x t e n s i v e  screen-  
i n g  o f  p o t e n t i a l  c a n d i d a t e  s o r b e n t s ,  a c t i v a t e d  b a u x i t e  and diatomaceous e a r t h  were 
found t o  be  t h e  most e f f e c t i v e  s o r b e n t s  i n  c a p t u r i n g  NaC1, K C 1 ,  and K2S04 vapors  from 
a s imula ted  h o t  PFBC f l u e  gas  a t  a tmospher ic  p r e s s u r e .  

In  recent  l a b o r a t o r y - s c a l e ,  f ixed-bed  s o r p t i o n  s t u d i e s  a t  ANL, performed a t  condi-  
t i o n s  t h a t  c l o s e l y  s i m u l a t e  t h e  a c t u a l  PFBC f l u e  gas ( t e m p e r a t u r e ,  1,560°F; p r e s s u r e  
10 atm a b s o l u t e ;  gaseous composi t ion ,  3 p e r c e n t  0 2 ,  16 p e r c e n t  C O P ,  5 p e r c e n t  H20, 
250 ppmV 5 0 2 ,  few ppmV NaCl v a p o r ,  and t h e  b a l a n c e  NZ) ,  NaC1-vapor removal e f f i c i e n -  
c i e s  g r e a t e r  than  99 p e r c e n t  were achieved  f o r  bo th  a c t i v a t e d  b a u x i t e  and diatomace-  
ous e a r t h  s o r b e n t s .  I t  was a l s o  demonst ra ted  t h a t  a c t i v a t e d  b a u x i t e  can be e a s i l y  
and e f f e c t i v e l y  r e g e n e r a t e d  f o r  r e u s e  by a s i m p l e  water - leaching  p r o c e s s .  
n a r y  e v a l u a t i o n  i n d i c a t e d  t h a t  t h e  f i x e d  granular -bed  f i l t e r  concept  f o r  t h e  c o n t r o l  
of a l k a l i  vapors  from PFBC f l u e  gas  i s  economica l ly  a t t r a c t i v e .  

A r e s e a r c h  p r o j e c t  h a s  b e e n  i n i t i a t e d  a t  t h e  U n i v e r s i t y  o f  P i t t s b u r g h  whose o b j e c t i v e  
i s  t h e  c o n t r o l  of e m i s s i o n s  of a l k a l i  m e t a l s ,  t r a c e  m e t a l s ,  and a r o m a t i c  hydrocarbons 
t h a t  occur  i n  advanced c o a l  convers ion  p r o c e s s e s  such a s  p u l v e r i z e d  c o a l  combustion 
f o r  t u r b i n e  a p p l i c a t i o n s .  The p r o c e s s  i s  t h e  a d s o r p t i o n  o f  t h e  u n d e s i r a b l e  components 
o n t o  t h e  s u r f a c e  o f  a s o l i d  c o l l e c t o r ,  such  a s  p u l v e r i z e d  alumina,  which is  i n j e c t e d  
i n t o  t h e  f lame mixed w i t h  t h e  f e e d  c o a l .  The p a r t i c l e  s i z e  o f  t h e  c o l l e c t o r  w i l l  be 
such  t h a t  i t  can be  e a s i l y  removed from t h e  f l u e  gas by  a cyclone or o t h e r  s e p a r a t o r .  

Tar  Remova 1 

The problem of removing t a r  and o t h e r  l i g h t e r  hydrocarbons from h o t  c o a l  gas  s t reams 
is o f  i n t e r e s t  p r i m a r i l y  f o r  i n t e g r a t e d  c o a l  g a s i f i c a t i o n / m o l t e n  c a r b o n a t e  f u e l  c e l l  
power p l a n t  a p p l i c a t i o n s  u s i n g  f ixed-bed  g a s i f i e r s .  These hydrocarbons a l s o  c a r r y  a 
n o n t r i v i a l  f r a c t i o n  o f  s u l f u r  which could impact  t h e  performance of t h e  molten carbon- 
a t e  f u e l  c e l l .  Tar  removal  is i r r e l e v a n t  f o r  gas t u r b i n e  u s e ,  and t a r  and a l l  b u t  t h e  
l i g h t e s t  hydrocarbons a r e  a b s e n t  from p r o d u c t s  of o t h e r  t h a n  f ixed-bed  g a s i f i e r s .  
F i g u r e  9 shows t h e  work b e i n g  conducted i n  t h e  a r e a  o f  t a r  removal. 

The Chemical Gas Stream Cleanup Program i n c l u d e s  a s t u d y  by  Washington S t a t e  Univer- 
s i t y  on t h e  fundamentals  o f  t a r  format ion  i n  f ixed-bed  g a s i f i e r s  and p r e l i m i n a r y  

A p r e l i m i -  
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development of  t h r e e  broad  approaches  t o  c r a c k i n g  hydrocarbons  i n  h o t  p r o d u c t  gas  
s t r eams  from f ixed-bed  g a s i f i e r s  by B a t t e l l e  P a c i f i c  Northwest Labora to ry  ( B a t t e l l e ) ,  
P h y s i c a l  Sc iences ,  Inco rpora t ed  (PSI) ,  and Massachuse t t s  I n s t i t u t e  of  Technology 
(HIT). 

Fundamentals of  Ta r  Format ion  and Removal 

T a r s  and  l i g h t e r  hydrocarbons appear  i n  t h e  raw p roduc t  gas  s t r eams  of  f ixed-bed  
g a s i f i e r s  because  c o n d i t i o n s  a t  t h e  t o p  o f  t h e  bed of c o a l  pe rmi t  c o a l  t o  d e v o l a t i l -  
i z e ,  b u t  t h e  p roduc t s  of d e v o l a t i l i z a t i o n  on ly  p a r t i a l l y  b reak  down. The t y p e  and 
y i e l d s  of t a r s  and l i g h t e r  hydrocarbons  from f ixed-bed  g a s i f i e r s  a t  v a r i o u s  condi -  
t i o n s  and t h e  s u b j e c t  of c o a l  d e v o l a t i l i z a t i o n  i n  g e n e r a l  has  been s t u d i e d  r a t h e r  
e x t e n s i v e l y .  A METC-sponsored s t u d y  by  Washington S t a t e  U n i v e r s i t y  w i l l  p rov ide  a 
compi l a t ion  of  fundamental  f a c t s  abou t  t a r  fo rma t ion  i n  f ixed-bed  g a s i f i e r s  and 
t h e i r  d e s t r u c t i o n  by c a t a l y t i c  o r  the rma l  c rack ing .  The s t u d y  a l s o  i n c l u d e s  empi r i -  
c a l  work t o  f i l l  i n  gaps i n  in fo rma t ion  r e q u i r e d  t o  d e s i g n  MCFC power p l a n t s  i n c o r -  
p o r a t i n g  methods of e l i m i n a t i n g  t a r s  from t h e  f u e l  c e l l  f eed  g a s e s .  A l so ,  s t u d i e s  
sponsored  by t h e  DOE g a s i f i c a t i o n  program a r e  p r o v i d i n g  new d a t a  on t a r  fo rma t ion  
mechanisms. 

The E f f e c t s  of  Ta r  and Other  Contaminants on F u e l  Cel l  Performance and L i f e  

P rev ious  s t u d i e s  have shown p a r t i c u l a t e s ,  s o o t ,  hydrocarbons ,  and t r a c e  e l emen t s  t o  
be p o t e n t i a l l y  d e l e t e r i o u s  t o  MCFC per formance  and l i f e .  Soot  fo rma t ion  i s  a n  impor- 
t a n t  concern  f o r  e f f i c i e n t  u t i l i z a t i o n  of c o a l  gas  i n  MCFC sys tems.  Coal  gas  i s  gen- 
e r a l l y  formed a t  t empera tu res  g r e a t e r  t h a n  t h e  MCFC o p e r a t i n g  t empera tu res  (- 1,830"F 
f o r  a g a s i f i e r  compared wi th  - 1,200°F f o r  MCFC) and t e n d s  t o  d e p o s i t  carbon i n  t h e  
f u e l  c e l l  un le s s  i t s  gas  composi t ion  i s  p r o p e r l y  " s t a b i l i z e d , "  and t h e  s u r f a c e s  and 
t h e  c o n d i t i o n s  t h a t  promote carbon d e p o s i t i o n  a r e  minimized. The p resence  of  hydro- 
ca rbons ,  t a r s  and oils, e t c . ,  can  f u r t h e r  aggrava te  this prohlem. T h e  e f f e c t  of pa r -  
t i c u l a t e  m a t t e r  p r e s e n t  i n  c o a l  g a s  (even  a f t e r  v a r i o u s  c leanup s t e p s )  has  n o t  been  
c h a r a c t e r i z e d  so f a r ,  excep t  f o r  some t h e o r e t i c a l  modeling under a WestinghouselEnergy 
Research  Corpora t ion  (ERC) s t u d y  performed f o r  METC. S i m i l a r l y ,  on ly  some thermo- 
dynamic c a l c u l a t i o n s  have been  performed on t h e  p o s s i b l e  e f f e c t s  of ammonia, a r s e n i c ,  
and o t h e r  t r a c e  e l emen t s .  A ve ry  l i m i t e d  amount of  expe r imen ta l  d a t a  i s  a v a i l a b l e  on 
t h e  p o s s i b l e  e f f e c t s  of  t h e s e  contaminants .  

Tar Cracking  

Three  p re l imina ry  development p r o j e c t s  a t  B a t t e l l e ,  PSI ,  and HIT f o r  t a r  removal 
sponsored  by METC invo lve  t h e  u s e  of  a c r a c k i n g  c a t a l y s t .  
below 1 ppm i s  r e q u i r e d  f o r  MCFC, a p r e l i m i n a r y  goa l  i s  t o  remove a s u f f i c i e n t  quan- 
t i t y  of  t a r  and/or  d e s u l f u r i z e  t h e  remain ing  t a r  so  t h a t  t h e  t a r  s u l f u r  c o n t e n t  does 
not preven t  achievement of  d e s u l f u r i z a t i o n  r equ i r emen t s .  
d i r e c t e d  t o  conve r t  t h e  s u l f u r  i n  t h e  t a r  t o  a form (such  a s  HzS) which can  be  
removed by a h o t  gas  d e s u l f u r i z a t i o n  p r o c e s s .  The r e s u l t s  of  t h e  c a t a l y t i c  c rack ing  
of  c o a l  t a r s  a r e  shown i n  F igu re  10. The PSI s t u d y  i s  aimed a t  i n -p rocess  d e s t r u c -  
t i o n  of  a romat ic  hydrocarbons ,  w h i l e  t h e  HIT s t u d y  i s  concerned wi th  q u a n t i t a t i v e  
unde r s t and ing  of  t h e  thermal  r e a c t i o n s  o f  a romat i c  contaminants  w i th  ca lc ium ox ide .  

S ince  s u l f u r  removal t o  

The B a t t e l l e  s t u d y  i s  

T race  Spec ie s  Removal 

A r e s e a r c h  program i n  suppor t  o f  a h igh- tempera ture  p r o c e s s  f o r  t h e  removal of  s u l f u r  
and a r s e n i c  c o n t a i n i n g  compounds a s  w e l l  a s  o t h e r  t r a c e  contaminants  from coa l -de r ived  
f u e l  gas  was i n i t i a t e d  a t  ERC. 
sys tem which may be r egene rab le  wi th  steam and hydrogen o r  oxygen. T h i s  concept  i s  
suppor t ed  by t h e  f a c t  t h a t  n i c k e l  has  a s t r o n g  a f f i n i t y  f o r  b o t h  s u l f u r  and a r s e n i c  
even a t  low c o n c e n t r a t i o n s  (<  10 ppm). Both t h e  contaminants  a r e  known po i sons  f o r  
t h e  n i c k e l  c a t a l y s t s .  
c i a t i v e  chemiso rp t ion .  A number o f  s t u d i e s  i n d i c a t e  t h a t  a gas  s t r eam can  be  p u r i f i e d  

The p rocess  t o  be exp lo red  u t i l i z e s  a n i c k e l  so rben t  

The a d s o r p t i o n  of  s u l f u r  on n i c k e l  o c c u r s  by  r e v e r s i b l e  d i s s o -  
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to very low levels of sulfur with a nickel-based catalyst, which may be regenerable 
as well. 
control and measurement. 

Figure lla shows the work being conducted in the areas of trace species 

Chloride Removal 

Chloride removal to . 1  to 10 ppm has been established as a requirement for MCFC 
applications. Requirements for other applications have not been established, but 
they are not expected to be as stringent. 
laboratory-scale process to remove HC1 to below 1 ppm. Figure llb shows the work 
being conducted in the area of chloride removal. 

SRI International is developing a 

Nitrogen Removal 

Most of the ammonia emitted from a typical gas producer has been determined to come 
from the reduction of the nitrogen in the fuel. The temperature-pressure relation- 
ships in an atmospheric or low-pressure gas producer are sufficient for the breakdown 
of ammonia in the presence of a catalyst. A large number of such catalysts have 
been manufactured and tested. In general, these catalysts tend to be expensive and 
susceptible to irreversible poisoning by hydrogen sulfide (HzS). Previous experi- 
mental work has indicated that the irreversible poisoning of the catalyst could be 
avoided by removing the H2S from the producer gas prior to exposure to the 
catalyst. It has also been suggested that combining these catalysts with the fuel 
in the gasifier would avoid contact of the evolving HzS gas with the catalyst and 
achieve the desired reduction. 

A project will soon be initiated to explore both methods of ammonia decomposition, 
develop preliminary process economics, and make some preliminary determinations of 
their applicability to full-scale coal-powered gasification systems. 

CONCLUSION 

The results obtained from the ongoing DOE-funded projects related to the chemical gas 
stream cleanup are encouraging. The design data will be available for process engi- 
neers to develop hot gas desulfurization/regeneration systems design using zinc fer- 
rite as the sorbent. 
HzS, COS, and HC1 to less than 1 ppm. 

An alkali meter has been developed which can be used wherever on-line measurements of 
trace alkali metal concentration in hot dirty gas or combustion product streams are 
required. Alkali sorbents have also been identified to remove alkalis to very low 
levels when required. 
to convert the sulfur in the tar to hydrogen sulfide which can be removed by a hot 
gas desulfurization process. 
which will not crack and deposit coke on the electrodes of a molten carbonate fuel 
cell. Another sorbent has been identified for hot removal of the trace contaminants 
(sulfur and arsenic) present in coal gas to sub-ppm levels for MCFC applications. 

The results obtained through efforts on these projects promise to show marked 
improvements in the development of advanced cleanup concepts for controlling and/or 
removing contaminants economically from coal-derived gas streams. Advanced research 
efforts wiil continue as well as efforts to determine the overall technical and 
economic feasibility of these concepts for possible future commercialization by the 
private sector. 
using these concepts could provide advanced coal conversion/utilization system with 
emissions far below these seen from today's coal-fueled power systems. 

Novel sorbents have been identified for potential removal of 

Promising results have been obtained using the novel sorbents 

These sorbents can also convert the tars to compounds 

Successful eventual commercialization of cleanup unit operations 
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Figure 1 .  Cleanup Program Integration 
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Figure 2. Temperature-Pressure Envelopes 

Figure 3. Chemical Gas Stream Cleanup Program 
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Figure 4. Sulfur Removal Projects 

Figure 5. Fuel Gas Desulfurization 
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Figure 6. Zinc Ferrite Sulfidation 
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Figure 7. Alakli Removal Projects 

Figure 8. Alkali Removal Projects 

Figure 9. Tar Removal Projects 
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Figure 10. Catalytic Cracking of Coal Tars (Battelle-PNL) 

Figure 11 a. Trace Species Removal Projects 
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Figure 11 b. Chloride Removal Projects 
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